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(Sl\ Abstract; The inventive device comprises a 
crucible provided with a holder, a heater and. at 
least one heat-insulation screen. Said heater is 
made of basic flexible carbon-bearing material in 
the form of a cylinder whose ends are fixed 
between rigid rings which are made of carbon 
material, coaxially arranged and connected to a 
power supply. The thiclcness of the wall of the 
heater is defined from the following equation: 
5-p-c= 500-8500 J/m ^. K, wherein: 6 - the 
thickness of the wall of the heater, m; p - density of 
the heater material, kg/m^; c specific heat capacity 
of the heater material (at an operational 
temperature), J/ kg. K. 
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" ^ wo 03/083188 Al lililBiHlllliillllMm 



(57)Pet^paT: YcTpoitcTBO coACpxcHT THPejib c noACTaBKOH, HarpeBaTCJib H, no 
MCHbuieH Mepe, o^hh xenjioHsojiHpyiomHH 3KpaH, npHMCM, corjiacHO 
H3o6peTeHHK>, HarpeaaTCJib BbinonneH h3 hcxoahofo rH6Koro yrjiepofl- 
coAep^amero MaxepHajia b bujx^ uHJiHHApa, xopubi Koroporo aaKpenjie- 
Hbi MQUKjiy KoaKCHajibHO pacnojio^eHHbiMH ^kcctkhmh KOJibuaMH H3 yr- 
jiepoAHoro MarepHaJia, noACoeAHHeHHbiMH k HCTOHHHicy xoKa. FIpH 3tom 
HarpeBareJib BbinojineH c TOJiiUHHOjl ctchkh, onpeAejixeMOH h3 cootho- 
uieHHfl: 

5 p c = 500-8500 JI?k/m^ .K, rae: 

5 - TOJimHHa CTCHKH HarpeBaxejiH, m; p - njiOTHOctb MaiepHajia, H3 
KOToporo HsroTOBJien HarpeBaxenb, kf/m^; c - yflejibnan xenJioeMKOCxb 
MaxepHBJia, h3 Koxoporo HsroxoBJien Harpeaaxejib (npH paGonen xcMne- 
paiype), ,Zl»c/Kr.K. 




yCTPOHCTBO JIJUL BHXmiBAHHH MOHOKPHCTAJUIOB 

(i) OSnacTb TexHHKH 
npeflnonaraeMoe H3o6peTeHHe othochtch k o6jiacTH MeTajuiyprHH 
5 nojiyiipoBOfl;HHKOB h Mo^er 6&itb HcnojiBsoBaHO npn BbipaiD[HBaHHH mo- 
HOKpHcxaiuioB KpeMHHH, repMaHHH H coeflHHeHEda: rpymiBi AP^B^ Mero- 
AOM HoxpajibCKoro. 

(ii) npenmecTBViomHH vpOBenb tcxhiikh 
HsBecTHbi ycxpoHCTBa ajih BBipanmBaimfl MOHOKpHcxajiJioB, 
10 coAep^camne ycxaHOBJieHHBiH b noAcxaBKe XHrenb ajm pacnjiaBa, BOKpyr 
Koxoporo pasMemcHBi HarpeBaxejiB c xoKonoABOAaMH h CHcxeMa xenjio- 
h3ojmii;hh, npHHCM noflcxaBKa, HarpeBaxejiB h cHcxeMa xeiuioHsojDmHH 
BBmojraeHBi H3 yrnepo^HBix MaxepnajiOB [HaxeHx PO JSfe 2081948, 
C SOB 15/14, onyGji. 20.06.97.; Haxenx 2097451, C SOB 15/14, 

15 onySji. 27.11.97]. 

npH BBIXfflTHBaHHH MOHOKpHCXajUIOB C HCHOJIBSOBaHHeM 3XHX yCX- 

poHCXB npHMeBMiox HarpeBaxejiB c BepxHKaJiBHBiMH npopesaivra. TaKoii 
HarpeBaxejiB HMeex SonBinyio Maccy, hxo yBejinHHBaex xeiuioBBie noxe- 

pH H npHBOflHX K CymeCXBeHHOH HHepqHOHHOCXH no OXHOmeHHIO K Ha- 

20 rpeBy h oxjia^enmo, a 3xo b cbok) OHepefl;B yxy^maex ynpaBJienne 
npoiieccoM. HajnraHe mejieS h HepaBHOMepnoe npoxeKanne xoKa no pas- 
jiHHHBiM ynacxKaM naipeBaxejM npHBOfljix k BOSHUKHOBeHino HapymeHHH 
CHMMexpHHHOCXH xeiuiOBoro nojM, coa^aBaeMoro HarpeBaxejieM, h k 
jocyflmeHHK) no axoii npHHHHe KanecxBa nojiynaeMBix MOHOKpncxajiJioB. 

25 Henocpe;[i;cxBeHHoe BsaHMOfleiicxBiie napoB SiO hs axMoc4)epBi KaMepBi 
BBipamHsaHHfl c HaipexBiMH )a:jiepoflcoflep3KamH]viH aexajMMH xeiuiOBoro 
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ysna npHBOflHT k sarpHSHeHmo pacxymero KpHcxajina yrjiepoAOM, hto 
xaiOKe yxyfflDttaer ero KanecTBO. 

HaHGonee 6jra3KHM k saHBJwcMOMy ycTpoHCXsy HBJwexcH ycxpoH- 
cxBO AJM BBixHinBaHiM MOHOKpucxajuiOB, coflcp^camee xHrejiB c nofl- 
5 cxaBKOH, HarpeBaxejiB h 3KpaH, HMeiomufi ocHOBy h3 npeccoBaHHoro 
rpa^Hxa, BepxH5Di nacxB KoxopoH noKpBixa cjiocm nnpoyrjiepOAa [ SajiBKa 
JInoHHH JSfo 10-291896, C SOB 29/06, oiiy6ji. 04.1 L98 r.]. TaKOH sKpan 
o6ecneHHBaex cxaSnjiBHOCXB noOTepacaHiM xeMnepaxypBi BHyxpn xhtjm 
(npeiMxcxByex nafleHmo xeMnepaxypBi). OflnaKO, 3fl;ecB xaoEce HcnojiBsy- 
10 excH o6bihhbih HarpeBaxejiB c npopes^MH, mvieiomHH yKaaaHHBie BBiine 
HeflocxaxKH. 

(iii) PacKpBixHe H3o6pexeHHg 
Hacxoamee HSoSpexeHHe HanpaBJieno na pemeHHe xexHHHecKoii 
sa^aHH, cocxojuneii b SHaHHxejiBHOM CHH^ceHHH MaccBi HarpeBaxejDi, hxo 

15 nosBOJMex cymecxBCHHO yMeHBnmxB pacxofl 3JieKxp03HeprHH. KpoMe 
xoro, o6ecneHHBaexcii CHH»ceHHe HHepnHOHHOcxH HarpeBaxejM, hxo o6- 
Jier^aex ynpaBJieHHe npoij;eccoM. 3a cnex noBBimeHiM CHMMexpHHHOCXH 
xeiuioBoro nojM, cosflaBaeMoro HarpeBaxejieM, HaGmoAaexcH noBBimeHHe 
cxpyKxypHoro cosepmeHcxBa BBixnrHBaeMBix MOHOKpncxajinoB. 

20 IIpH 3XOM BBipameHHBie MOHOKpHCxajuiBi HMeiox noHHDKeHHoe coAep^a- 
HHe yrjiepoAa (na ypoBHe jiyHniHX anajioroB). B neKoxopBix Bapnanxax 
ycxpoHCXBa mo^cho oxKasaxBca ox HcnojiBaosaHiM oflHopaaoBBix KBapij;e- 
Bwx xHTJiefi H sa CHex 3xoro chhshxb ceSecxoiiMocxB roxoBoii npoflyK- 
ujm. KpoMe xoro, sflecB HMeexca bosmo^khocxb BBixjiriiBaxB mohokph- 

25 cxajuiBi c noHiDKeHHbiM coflep:»caHHeM KHCJiopOfla (aHajiorHHHBie KpH- 
cxajiJiaM, BBipameHHBiM MexoAOM 6ecxHrejiBH0H sohhoh nnasiaa), hxo no- 
SBOJwex B ^tajiBHeiimeM HcnoJiBSOBaxB Mexofl nefixpoHHoro nerapoBaHHa 
AIM noJiyqeHiM cjihxkob c MajiBiM pasGpocoM y^ejiBHoro 3JieKxpHHecKoro 
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conpoTHBneHHfl no xopiiy h oS-BeMy. Upn 3T0M5 no cpaBHenmo c 6ecTH- 
rejiBHOH soHHoii nnaBKoii, KpHcxajmBi Moryr 6bitb 6ojn>mero flnaMerpa, a 
roTOBaa npoAyKij;iDi nojiyHaexcH SHaHHTejiBHO 6onee flemeBOH. 

KoHCxpyioniM ycmpoucmea dim ehimHaueanuH MOHOKpucmaiuioe^ 
5 o6ecneHHBaK)niaa ;50CTiDKeHHe yKasanHOH BBnne TexHHHecKofi saflaHH bo 
Bcex cjiynaax, na KoxopBie pacnpocxpaHHexcii oGbcm HcnpanraBaeMBifi 
npaBOBOH oxpaHBi, Mo^ex 6bitb oxapaKxepHSOBana cjieflyiomeH coBOKyn- 
HocxBio npnsHaKOB. 

ycmpoucmeo dnn shimmueaHtm MonoKpucmajinoe coflep^mx xh- 
10 rejiB c noflcxaBKOH, naipeBaxejiB h, no MeHBrnen Mepe, o^hh xennoHSO- 
jiHpyionuiH 3iq)aH. Ilpn 3xom, coanacno usoBpemenuio, narpeBaxejiB bbi- 
nojraen hs HcxoflHoro rnGKoro yrjiepoflco^[ep«amero Maxepnana b bhac 
HHjniHflpa, xopi5Bi Koxoporo saiqpenjieHBi M^-mpy KoaKcnajttHO pacnojio- 
3KeHHBiMH 3KecxKHMH KOJiBn;aMH H3 yTJiepoAHoro MaxepHajia, no^^coe^H- 

15 HeHHBIMH K HCXOHHHKy XOKa. IIpH 3X0M HaipeBaxeHB BBinOJIHeH C XOJI- 

mHHOH cxeHKH, onpeflejMCMOH H3 cooxHomeniM: 
5-p-c = 500-8500 ,K, r^e: 

5 - xojimHHa cxeHKH HaipeBaxejw, m; 

p - nnoxHocxB Maxepnajia, hs Koxoporo nsroxoBJien narpeBaxenB, 

20 kt/m^; 

c - yfl;ejiBHafl xenjioeMKOCXB Maxepnajia, hs Koxoporo HsroxoBJien 
HarpeBaxejiB (npn paSonefi: xeMnepaxype)5,2t»c/Kr.K. 

KoHBi^a H3 yrjiepoAHoro Maxepnajia Moryx 6bixb noacoe^tHneHBi k 
HCXOHHHKy XOKa Hepes xenjioHSOjrapyiomHe SKpaHBi. 
25 Ha noBepxHOcxH narpeBaxejM c BHyxpeHHCH h/hjih c BHemHeii 

cxopoHBi MO^ex 6mxb pacnojio^en cjioe^ HHxpHAa KpeMHHfl. 

KpOMe xoro, xhtcieb hjdi no^cxaBKa Moryx 6BrrB BHnojraeHBi hs 

HHXpHfla KpeMHHa. 
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THrejiB H noACTOBKa ycxpolicTBa Moryx 6bitb BBinojracHBi h3 hht- 
pH^iia KpeMHHH H npeACxaBJiHiOT co6om o;i;ho i^ejioe. 

yrjiepoflcoflep^amHH MaxepnaJi HaipeBaxeiw MO»cex Slixb ;^onoji- 
HHxejiBHO yiuioxHen mq)oyrjiepoAOM h/hjih Kap6nfl;oM KpeMHiM. 
5 YcxpoficxBO MOMcex flonojnraxejiBHO coffep»caxB xeiuioHsojwxop 

H3 XKaHH vUvum BOHJIOKa, EBrOXOBJieHHBIX H3 KpeMHeseMHOrO HJIH KBap- 

D;eBoro BOJiOKHa. 

CymHocxB npeAJiaracMoro xexHHHecKoro peineHiM saicjnoHaexcji b 
xoM, Hxo HarpeBaxejiB H3 raGKoro yrjiepoflcofl;ep5Kamero MaxepHana 

10 npefl;cxaBJMex coSofi cnjionraofi (6e3 menen) xoHKOCxeHHBiH ujuniHAp, a 
KOJiBu;a H3 yrjiepoAHoro MaxepHana acecxKO y^tep^cHsaiox ero (|)opMy h 
npeiiflxcxByiox o6pa30BaHHio CKJiaflOK na sxom Maxepnajie. Macca xaKoro 
HarpeBaxejM na nopjiflKH MeHBine, hcm b ussecxHBix aHajiorax, 6naroAapji 
HeMy cymecxBeHHO CHiDKaexca pacxofl sneKxpoaneprHH, nocKOJiBKy Ha- 

15 ipeBy AO MaKCHMajiBHLix xeisraepaxyp noABepraexc^ SHannxejiBHO mchb- 
nia« Macca HaipeBaxejM h b hcm oxcyxcxByiox mejiH. HarpesaxenB HMeex 
MCHBinyK) HHepD;HOHHOCXB npH HarpeBe h oxnasKAeHHH. BjiaroAapa 3xo- 
My yjiyninaexcH ynpaBJieHHe npoiteccoM. KpoMe xoro, H3-3a oxcyxcxBHH 
mejicH B HarpeBaxejie yjiyHniaexcH CHMMexpHHHOcxB co3AaBaeMoro hm 

20 xeiuiOBoro nojM. SnaHirrejiBHO CHBDKaexc^ 3arp«3HeHHe KpncxajiJia yrjie- 
poAOM B npoEtecce ero BBipamHBaHira 3a cnex HajinHHH cjioh h3 HHepXHO- 
ro MaxepHana - HHXpHfla KpeMHiM, H30JiHpyK)mero BHyxpeHHiOK) h/hhh 
BHemmoK) nosepXHOCXB HaipeBaxejM h3 yrjiepoACOAepacamero MaxepHa- 
jia ox B3aHMOAeHcxBHH c axMoc^epofi KaMepBi BBipamHsaHiM, coflep^ca- 

25 mefi napBi SiO. 3xox cnoH xaiOEce npenaxcxByex paspymeHmo HarpeBaxe- 
jia H yBejiHHHBaex cpoK ero cjiy»c6Bi. 3ain;HXHBiH cjioh h3 HHxpHfla KpcM- 
HBM Mo^ex 6bixb HaneceH nenocpeflcxBeHHO na BHyxpeHmoio vUmns. 
BHenimoio noBepxHocxB HarpeBaxejw. TaK»ce B03Momio HsroxoBJieHHe 
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TOHKOcxeHHoro iXHjmHApa h3 HHxpHfla KpeMHHH, KOTopHH noMemaiOT B 
HarpeBaxejiB enjioTHyio k ero BHyrpeHHeH noBepxHocxH. 

IlHepu;HOHHOCTb HarpesaTejM xapaKTepHsyexcH BejiHHHHOH 5-p'C, 
rfle: 5 - Tonmnna cxeHKH HaipcBaxejM, m; p- idioxhocxb Maxepnana, h3 
5 Koxoporo HsroxoBJieH HarpeBaxejiB, kt/m^; c - yflejiBHaa xeiuioeMKOcxB 
MaxepHajia, h3 Koxoporo HsroxoBnen narpeBaxejiB (npH pa6oHeH xeivrae- 
paxype), fl^Kr.K. OnxHManBHBie ycjioBiM xapaKxepHsyioxcH cooxHome- 
HHCM 5-p-c = 500-8500 ,H3k/m^.K, Koxopoe nojiyneHO, hcxo^h hs cjie- 
flyiomHx coo6pa^eHHH: 

10 npH npoxeKaHHH sjieKxpHHecKoro xoKa na Haipesaxejie BBiAejMex- 

CH xennoBaa MOI^HOcxB, paBHa^ P = q F , rjjjd: P - xeiuioBa^ Mom- 
Hocxb, Bx; F - njiomaflB narpeBaxejia (xoHHee xoro ero j^acxKa, na ko- 
xopoM BBiflejMexcH ocHOBHoe KOJiHHecxBO 3HeprHH), M^; q - cyMMapnaa 
ruioxHocxB xenjiOBoro noxoKa, cocxomi5ero h3 flByx Hacxeii: xeiuia, BbiAe- 

15 JMeMoro b pesyjiBxaxe npoxeKaHHH ajieKxpH^ecKoro xoKa, h xemia, pac- 
ceHBaeMoro b pesyjiBxaxe xenjioo5MeHa c OKpy^KaiomeJi cpe^oH, Bx/m^ . 

3a BpeMH dx b narpeBaxejie aiacyMyjiHpyexcH KonH^ecxBO xeiuio- 
XBi, paBHoe dQ = P-dx, rpfi dx - HHxepBaji BpeMeHH, c; dQ — H3Me- 
HeHHe aKKyMyjiHpoBaHHoro HaipeBaxejieM xenna, JJ?k. 

20 H3BecxHO, Hxo dQ=m c dT , r^e: m - Macca HarpeBaxejiH, kf; 

c -yAejiBHaa xennoeMKOCXt Maxepnajia HarpeBaxejw, JS^k/kt-K; 
dT - HHxepBaji HSMeneHHa xeMnepaxypBi HarpeBaxejM, K [TIojiHxexHHHe- 
CKHH cjiOBapB noA peflaK^HeH H.H.Apo6ojieBCKoro, M., CoBexcKaa 3H- 
itHKJioneflHH, 1979 r,, cxp. 492]. 

25 TaKHM o6pa30M, mo^kho 3anHcaxB: 

P • dx = m • c • dT hjih dx = m • c • dT/ F . q , ho m = p • V, r^e 
V-o6BeM HarpeBaxejM, m^. 
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IIocKOJibKy V = F • S, TO dx = 5 • p- c • dT/ q hjih x = 5 • p- c • 
TiJ'^dT/q , 

Tjifi X - BpeivM, 3a KOTOpoe TeMnepaTj^a narpeBaxejM HSMeimeTCH 
ox Ti AO T2 npH cyMMapHOH nnoxHocxH xeiuioBoro noxoKa, paBHOH q. 
5 BejiHHHHa 5 • p- c sKBHBajieHXHa Bejnrarae m • c / F, 

CpasHeHHe HHepE[HOHHOCXH pasjiHHHBix HarpeBaxejiefi npOHSBO- 
ffELTCsi no SHaHemno x. 

IIpH OflHHaKOBOH paSHOCXH XeMHCpaxyp H OflHHaKOBMX lUIOXHO- 

CX5LX noxoKa xenna, x.e. oflHHaKOBtix SHaneniMX HHxerpajia, Bpeivw onpe- 
10 pfijmeTCK SHaneHHeM npoHSBe^eHHa 5 • p- c (hhh m • c / F). ^cm MeHBine 
X, xeM Menee hhcpi^hohhbim HBJiaexc^ HarpeBaxenb. CooxHomeime 5 • p- 
c (hjih m • c / F) CBHSMBaex xenjio4)H3HHecKHe cBOHcxBa Maxepnajia, hs 
Koxoporo HsroxoBJien narpeBaxejib, h ero pasMepbi. 

EcjiH BejiHHHHa iq)OH3BeAeHHfl xojimHHW cxeHKH narpeBaxejiH na 
15 yaejiBHyio xenjioeMKOcxb h hjioxhocxb Maxepnajia, h3 Koxoporo oh Hsro- 
xoBJieH, 6yfliex MeHBme 500 JJ^ . K, xo cpoK cjiy»6Bi narpeBaxejw 5y- 
PfiT HeflocxaxoHHBiM H cocxaBHX npHMepHO iMXB npoq;eccoB, hxo ne^o- 
nycxHMo npH paSoxe b npoMBmmeHHBix ycjioBHflx. 

EcHH BejiHHHHa npoH3Be^ieHHH 6 • p- c 6y;i;ex Sonbine 
20 8500 fl»c/ . K, xo pacxoA rH6Koro yrjiepoflcoflep^amero Maxepnajia 
HeonpaBAaHHO Bospacxex, a cpoK cjiy3K6Bi HarpeBaxejM yBenHHHBaxBca 
He 6yflex. HHepqnoHHOcxB HarpeBaxejw b 3X0M cnynae xaiOKe 5yflex h3- 

JIHHIHe BBICOKOH. KpOMe XOrO, 3fleCB B03HHKaK)X CnODKHOCXH, CB5I3aHHBie 

c coFJiacoBaHHeM cuhhikom Manoro 3JieKxpHHecKoro conpoxHBJieHHH Ha- 
25 ipeBaxejM (narpysKH) c hcxohhhkom chjiobofo nHxanroi. 

B npefl;no}KeHHOM ycxpoHCXBe KOJIB^a H3 yrjiepo;a;Horo Maxepnajia 
HarpeBaxejM coeflHHeHBi c hcxohhhkom xoKa HenocpeAcxseHHO (Hepe3 
xoKonoflBOflBi) h/hjih Hepe3 xennoHsojmpyiomHe SKpaHBi. B nocjieflneM 
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onynae aiqpan oflHOBpeMCHHO c xennoHSOjmpyiomeH (^ymcipieH, bbihoji- 
HHCT xaioKe pojiB TOKonofflBOfla, HTO nosBOJiaer 6ojiee CHMMexpuHHO nofl- 

BeCTH 3neKTpHHeCKHH TOK K HarpeBaXCJIIO H yjtyHIIIHTb TeXHOJIOrHHHOCTb 

ycxpoHCTBa. 

5 noKpBiTHe BHyxpeHHeH h/hjih BHemneH noBepxHOCTH HarpeBaxejiH 

HHTpiWOM KpeMHHH, a XaKKC HSrOTOBneHHC nOflCXaBKH H THrJM H3 HHT- 

pHAa KpeMHHH yBejiHHHBaex cpoK cjiy»c6Bi cooxBexcxByiomux KOHcxpyK- 
XHBHBix sjieMeHXOB, a xaoEce nosBOJUiex ycxpannxB sarpHSHCHHe pacnjia- 
Ba H pacxymero Kpncxajuia axoMaMH yrnepo^a, nocxynaionpiMH c hx 

10 noBepXHOCxeH HS-sa XHMHHecKoro BsanMOfleHcxBiM c napaMH SiO. 

IlpHMeHeHHe BapHanxa ycxpoHCxsa, b KOxopoM XHrejiB h noflcxaB- 
Ka noA XHxejiB BBmojmeHBi h3 HHxpHAa KpeMHHfl h npeAcxaBJimox co6oh 
OAHO ijejioe, Aaex bosmo^chocxb oxKasaxBca ox HcnojiBaoBaHM offHOpa- 
30Boro KBapueBoro xhtjm, hxo npHBOAHx k cymecxBeHHoft 3K0H0MHH, 

15 oco6eHHO npH BBipamHBaHHH KpHCxajiJiOB H3 6ojibinHX (6ojiee 45 Kr) sa- 
rpysoK H XHrneii SojiBmoro fljiaiviexpa. B xaKOM ycxpoHcxBe, 6naro;tapa 
oxcyxcxBHK) KOHxaKxa pacnjiaBa c KBapn;eM (SiOa) h, cjieflOBaxejitHo, 
nocxynjieniM KHCJiopo^a hs xhfjm b pacnjiaB, mo^ho BBix^raBaxB moho- 
KpHcxaiuiBi KpeMHiM c noHH3KeHHBiM coflep^aHHeM He xojiBKO yrjiepofla, 

20 HO H KHCJiopofla. 3xH cjiHXKH aHajiorHHHBi KpHCxajinaM, BBipamieHHBiM 
MexoAOM 6ecxHrejiBHOH sohhoh njiaBKH. B mJihKe&meM hx mo3kho Jiern- 
poBaxB HeHxpoHaMH B axoMHOM peaKxope, nojiy^aa snanHxenBHO 6onee 
flemeByio npoflyKi5mo, HeM b cjiynae HcnojiBSOBaHHa KpHCxaruioB nocjie 
SecxHrejiBHOH 30Hhoh nnaBKH. KpoMe xoro, Mexo^OM HoxpanBCKoro 

25 M03KH0 H3roxaBJiHBaxB KpHcxajuiBi 3HaHHxenBHO SojiBmero flnaMexpa. 
B oxjiHHHe ox MOHOKpHcxajinoB KpeMHHfl, BBipameHHBDC oGbihhbim Mexo- 
flOM HoxpajiBCKoro H3 KBap^eBO^o xhtjm, 3flecB, H3-3a HH3Koro coAep«a- 
HHa KHcnopoAa, nocjie nefixpoHHoro JieraposaHHH He B03HHKaex npes- 




8 

MepHO MHoro paflHai5HOHHBix flei^eKTOB, h no3TOMy roTOByio npo^yK- 

IPIK) MO^CHO HCnOJIB30BaTB B SJieKTpOTeXHHKe H sneKTpoHHKe. B To^ce 
BpeMa, SAecB coxpaiMiOTCH Bce npCHMymecxBa MexoAa HeHxpoHHoro Jie- 
rHpoBaHHH (paBHOMepHoe pacnpeAejieHHe yflejiBHoro 3JieKTpHHecKoro 
5 conpoTHBneHUH no oS-BeMy cjniTKa). 

^onojiHurejiBHoe ynnoTHCHHe HarpeBaxejM pasnHHHBiMH Maxepna- 
naMH yBejiHHHBaex cpoK ero cjiy)K6Bi. IIpH sxom Maxepnaji HarpeBaxejM 
cxaHOBHxc^ 6ojiee acecxKHM. 

CpoK cjiy^SBi HarpeBaxejM yBejiHHHBaexca sa cnex xoro, hxo npH 
10 ynjioxHeHHH HHpoyrjiepoflOM jasieHBmaexcH xepMOXHMHHecKaa KOpposH^i 
noBepxHocxH. 

Kap6Hfl KpeMHHH xaK^e ysenHHHBaex cpoK cjiy^Sbi naipeBaxejM, 
aaMeflJMH npouecc xepMOXHMHHecKOH KOpposHH. KpOMe xoro, b cjiynae 
HaHeceHffii cnoa HHxpHfla KpeMHmi o5pa3yexM npOMe^KyxoHHtm cnoft, 

15 KoxopBiH yjiynmaex a^resmo naHOCHMoro cjio^ HHxpH^a KpeMHHa: h 
yMeHBmaex ero paspjoneHHe, BBisBiBaeMoe pasjraraHeM K03(^4>Hu;HeHXOB 
xepMHHecKoro pacnrapeHHH HuxpHflia KpeMHHH h yrnepoflcoflep^Kamero 
MaxepHajia HarpeBaxejM. 

TKaHB H BOHJiOK, HsroxoBneHHBie H3 KpeMHeseMHoro HJiH KBapu;e- 

20 Boro BOJioKHa, npH hx pasMemeHHH na narpeBaxene h/hjih 3KpaHax, 
co3Aaiox flonojiHHxejiBHyio xenjioByio hsojihixhio- B xo5Ke BpeiwM ohh ne 
sarpHSHHiox paciymHH KpHcxanji yrjiepoflOM, TKaHB pasMemaexcK xaicHM 
o6pa30M, hxo6bi coceflHHe cjioh He nproierajra nenocpe/tcxBeHHO ppyr k 
ffpyry, h Meayjy hhmh cymecxBOBan npOMeacyxoK ox 2 flo 5 mm, xaK KaK 

25 3XO yBejiHHHBaex xenjiOHSojMD^aoHHBie CBOHCXBa 3KpaHHpoBKH npH bbi- 
coKHx xeMnepaxypax. TKaHB h/hjch bohhok nocjie hx pasMemeHHH xaK3Ke 
Moryx 6bixb ynjioxHCHBi, nanpHMep, HHXpHflOM KpeMHHH. 
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npH HsroTOBJieHHH HaipeBaxejui b KanecTBe HcxoflHoro ruGKoro 
yrnepoflcofl;ep3Kamero MaTepnajia mo»cho HcnojiLSOBaTB pasjnraHBie Ma- 
xepHajiLi, cosAaHHBie na Gaae yrnepoAa: yrjiepoAHyio XKanb Tuna 
«ypaji», yrjiepoflHoe bojiokho, yiuioxHeHHbie pasnHHHBiMH BemecxBaMH 
5 (nanpuMep, nHpoyrnepoflOM, Kap6nn;oM KpeMHiM h T.fl.)^ xepMopacniH- 
peHHBiH npoKaxaHHBiH rpa^HX Hx.n, 

Us ypOBIM XeXHHKH HSBeCXHO HCnOHBSOBaHHe yrJiepOflHOH XKaHH H 

yrjiepoflHoro BOJioKHa, b xom HHCJie yiuioxHeHHBtx niipoyrjiepoAOM, 
B CHCxeMax 3KpaHHpOBaHiifl ycxanoBOK ajm BBipanpiBaHHa MOHOiq)Hcxan- 

10 JioB. B iipefl;naraeMOM H3o6pexeHHH hcxoahbih rHSicHH yrjiepofl;coAep- 
}KamHH Maxepnaji HcnojiBsyexc^ ne ajm SKpaHHpOBaHHH, a ^jm hsfoxob- 
jieniM H3 Hero narpeBaxejig. a HMeHHO, b KanecxBe sjieKxpiiHecKoro co- 
npoxHBneHiM HaipysKH b saMKHyxoH sjieKxpHHecKoii cexH, na KoxopOM 
npOHCXOflHX BBiflejieHHe sneprHH BCJie^cxBHe npoxeKaHHH nepes Hero 

15 aneKxpHHecKoro xoKa. B cbhsh c 3xhm peniaioxcH npo6neMLi, CBHsaHHtie 
c pa6oxoH HarpeBaxejiH: CHHiaceHHe MaccBi h pacxo^a 3JieKxpo3HeprHH, 
CHH3KeHHe HHepipioHHOcxH HarpeBaxejM h yjij^meHHe ynpaBJieHEW Ha- 
rpeBOM-oxna^fleHHeM. no cpaBHeHioo c HSBecxHLiMH xexHHHecKHMH 
pemeHHHMH, ycmpoucmeo dnn ebimmueanuH MOHOKpucmaiuioe, bbihoji- 

20 HeHHoe b cooxsexcxBHH c nacxojimHM H3o6pexeHHeM, o6ecneHHBaex aoc- 
XH^eHHe nojio^HTejiBHoro 34)4^eKTa, cocxo«ni;ero b noBBnneHHH co- 
sepmeHCXBa Bbix^HBaeMBix MOHOKpHcxajiJioB npH cHH^KeHHH pacxofla 
3neKxp03HeprHH. 

f iv^ Oimcamie AnrvD qepxe^eH 
25 Ha rpa(i)iraecKHx Maxepnajiax HsoSpaaceno cjieflyiomee. 

Ha 4>Hrype 1 HsoGpa^en npo^tojiBHBm paspes ycxpoHcxsa ^jm bbi- 
xHrHBamM MOHOKpHcxajmoB, b KOXOpoM 3JieKxpo3HeprHH no^aexc^ Ha 
HarpeBaxejiB nepes BepxHioio h hh^hiok) napBi KOJle^, noflcoeflHHeHHBix 
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HenocpeflCTBeHHO k xoKonofliBOflaM. HarpeBaTeJit oKpy^ceH Sokobbim h 
flOHHHM TerraoHSOjmpyioiipiMH SKpanaMH. 

Ha 4)Hrype 2 npe^iCTasneH npoflOJiLHBiH paspes ycxpoHCTBa, b ko- 
TOpOM 3JieKTpo3HeprHH noAaexca na HarpeBaxenB nepea KOJiBiia, coejsfL- 

5 HeHHBie C 6OKOBBIM H ;{OHHLIM 3KpaHaMH, BBI^OJIH^^^IMH o;Q(HOBpeMeH- 

Ho ^jnEnoijno tokohoaboaob. HarpeBaxejiB coflep^KHX xoHKOcxeHHBm ipi- 

JIHHAp C SypXHKOM H3 HHXpHAa KpeMHEWl, KOXOpBIH paCHOJIO^CeH BHJIOX- 

Hyio K BHyxpeHHHM cxeHKaM HarpeBaxejM. 

Ha ^Hrype 3 npe^cxaBJieH Bapnanx ycxpoHCXBa, b KoxopoM Bepx- 
10 napa KOJieit npHcoeAHHena k 6oKOBOMy SKpany, HrpaiomeMy ponB 

xoKonoflBo^ca, a hh^ima napa Konei5 npHcoeflimeHa HenocpeACXBeHHO k 

XOKOnOABOAy. ^OHHBin 3KpaH B BJmo HaillH, BBinOJmeHHBIH H3 HHXpHAa 

KpeMHH5i, pacnono^eH Ha ^ne KOMepBi. TiirejiB h uopfiTBBKSi BBmojraeHBi 
H3 HHTpHfl;a KpeMHHH H npeflcxaBJMiox C060H offELO Etejioe. 

15 Ha ^mype 4 npe^icxaBJien BapHanx ycxpoHCXBa, H3o6pa»ceHHoro 

Ha ^Hrype 3, b KoxopoM flonojiHHxejiBHO ycxaHOBJiena CHCxeisia BepxHHx 
3KpaHOB H3 HHxpHfla KpcMHiM HJiH H3 yTJiepoflHoro MaxepHajia, HanpH- 
Mep, rpac^Hxa, KOMno3Hxa j^nepoA-yrjiepoA. 

Ha ^Hrype 5 npCACxaBJieH BapHanx ycxpoHcxBa, H3o6pa3KeHHoro 

20 Ha ^Hrype 4, b KoxopoM KOJiBi^a npeflcxaBJMrox co6ob[ effZHyio pfinaRh c 
HarpeBaxeneM. 

(v) npHMepBi ocvmecxBJieHHH HSoSpexeHmi 

npHMep 1 

npoiiecc npoBOflflx b BaKyyismofi KaMepe 1. HpH BwpaimiBaHHH 
25 MOHOKpHcxajina kpcmhhh ^HaMexpoM 150 mm, JierapoBaHHoro 6opoM, H3 
nojiHiq)HcxajiJiHHecKoro KpeMHHH c coAep«aHHeM yraepOAa 3x10^^ cm"^ h 
KHCJiopoAa 2x10^^ cm'^ , npHMeHmox ycxpoficxBO, npeflcxaBJieHHoe na 
c^Hiype 1. B nocjieflyiomHx npHMepax npiiMeH5nox sarpysKy h3 xaKoro 
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»e MaxepHajia. HcnojiBsyiOT KsapiteBBiH rarejiB 2 c BHenmuM ja^HaMeTpoM 
356 MM, B noflcxaBKe 3, ycxaHOBJieHHOH na niTOKe 4, npn sarpysKe no- 

JIHKpHCTaJUIHHeCKOrO KpeMHHH 30 KT. 

HarpeBaxejiB 5 HsroxaBjmsaexcH nyxeM BHsamia h3 yrjiepofl;Horo 

5 BOJIOKHa EtHJIHHflpa C XOJimHHOH CXeHKH 0,6 MM (0,0006 m) C HCnOJIK30- 

BaHHeM rpacj^HXOBoii onpaBKH. 3axeM xop^BI ipuraimpa oxrH6aK)X b ropH- 

30HXaJIBHyK) nJIOCKOCXL H 333KHMBSOT KOHXaKXHBIMH KOJILDtaMH 6,7,8,9. 

Ha BHyxpeHBDEOK) noBepxHOCXb i^njiHHflpa HarpeBaxejM 5 (nocjie yaajie- 
HiM onpaBKH) HaHOCOT xoHKHH CHOH HHxpHfla KpeMHHH. OnepaipDEO Hane- 
10 cenroi axoro cjioji ocymecxBjmox nyxeM oca^eHBM h3 rasoBoS CMecH 
SiCl4-NH3-H2, npH pacxofle pQarewroB: 1,17x10"^, 10"^ h 1,3x10'^ mVc 
cooxsexcxBeHHO h xeMnepaxype 1300^C. nofl;cxaBKy 3 h mxoK 4, 3iq)aHBi 
10 H 1 1 HsroxasnHBaiox h3 rpa^^Hxa n noKpBiBaiox cnoeM HHxpHfla KpcM- 

HHH. 

15 VAentHaa xenjioeMKOCXB Maxepnaua narpeBaxeiM cocxasjinex 

2077 JS;>K/Kr'K (npn paGoHeii xeMnepaxype 1600 °C, x.e. 1873 K), roiox- 
HocxB Maxepnana narpeBaxejiH nocjie bh3kk Phcx. ~ 401,22 Kr/M"" [«Cboh- 
cxBa KOHCxpyKiiHOHHBix MaxepHajioB Ha ocHOBe yrjiepofla». CnpaBOHHHK 
nofl peflaKu;HeH BA.Coce;;oBa, M., MexajiJiypriM, 1975], xo ecxB npoH3- 

20 BefleHHe 5 • p- c paBHO 500 J5^y^ • K. 

Ilocjie ycxanoBKH KBapn;eBoro xnrjm 2 b no^cxaBKy 3 h sanojine- 
HHH ero 3arpy3KOH KpeMHHH h JinraxypoH 6opa, KaMepy 1 repMexnsHpy- 
K)x, co3fl;aiox b neS BaxyyM 10"^ MM.px.cx, h BRJUonaiox 3JieKxponHxaHHe. 
SjieKxpBraecKHH xoK ox HCxoTOHKa nnxaHHH 14 imex no xoKonoflBo^^y 13, 

25 3axeM no KOJiBn;aM 7 h 8, HarpeBaxejno 5, nocjie nero no KOjn>a;aM 6, 9 h 
xoKo^o^^Bo;^y 12 BosspamaexcH k HcxoHHHKy nnxaniM 14. HanSojiBnmM 
conpoxHBJieHHeM b 3xo& nocneflOBaxejiBHOH itenH oSjiemaex 
HarpeBaxejtt 5, h na hcm BBiflejwexcii ocHOBHaa nacxB xernia. HarpeBa- 
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xejiB 5 pasoipeBaexcji jsp paSoHeii TeMnepaxypBi «1600 °C, 3a cner ne- 
peflaHH Teiuia Hsnj^eHHeM ox HarpeBaxejM, pasorpeBaexca h paciuiaBJM- 
exca sarpysKa KpeMHiM 16 (xeMnepaxypa pacnjiana 1412-1500 °C). 3a- 
xeM B KaMepy noAaiox apron, noAZtep»CHBaa b KaMepe ^aBJieHHe 10- 
5 20 MM.px.cx. , npH oOTOBpeMeHHOH nocxomnoH oxKaHKe BaKyyMHBiM na- 
cocoM (na (|)Hrype ne noKasan). Ilocjie 3Xoro b paciuiaB onycKaiox sa- 
xpaBOHHBiH iqpHCxanji h BBipamHBaiox MOHOKpHCxajiJi 17. 

riocne OKOHHaima npoixecca BBipaii^HBaHHH MOHOKpHcxajui oxjia^K- 
flaiox, BBiHHMaiox H3 KaMepBi, BBipesaiox HQ Hero o5pa3Uj>i h onpe^ejiHiox 

10 coflep^aHHe yrjiepo^a, Koxopoe cocxaBnaex 5x10 cm ' , 

HarpeBaxejiB HMeex Majiyio HHepmHOHHOcxB. BpeMH t, xapaKxepH- 
syiomee HHepiqaoHHOcxB narpeBaxejiH, onpeAeJMiox cpaay nocjie pac- 
nnaBjieHHH sarpysKH, kqk BpeMA ox MOMenxa yMeHBineHHa MomHocxH na 
10% AO MOMenxa, Kor^a xeMnepaxypa narpeBaxejM nepecxanex H3Me- 

15 HOTBCH. MsMepeHHJi npoBOAax c homoiubk) nHpOMexpa, coeAHHCHHoro c 
caMOHHCiceM. BpeMH t cocxaBJiaex 45 c no cpaBHeHmo c 450 c y npoxo- 
xHiia. 

HarpeBaxejiB coxpaiMCx cbok) paSoxocnocoSnocxB b xeneHHe 

20 I][HKJI0B BBIX^rHBaHiUI. 

20 Pacxofl 3JieKxpo3HeprHH na 1 kt roxoBoii iipo^iyKn;HH yMeHBniaexcH 

3flecB Ha 20 % H cocxaBjmex 125 KBX.nac/icr, no cpaBneHmo co 
155 KBX.Hac/Kr y npoxoxHna. 
npHMep 2 

BBIXOTHBaHHe MOHOKpHCXajraa iq)OH3BOflHXCH C HCnOJIB30BaHHeM 

25 ycxpoHCXBa, npeflcxaBJieHHoro na (j^nrype 2. nojrynaiox MOHOKpHCxaJui 
KpeMHHa JiernpoBaHHBiH 6opoM, flHajviexpoM 150 mm h3 nojiHKpHCxajinn- 
HecKoro KpeMHHH c conepyKBBJieM yrjiepofla 3x10 cm^^. HcnojiBsyiox 
KBap^eBBIH XHrenB c BnenranM ^naMexpoM 356 mm npH sarpysKe 30 icr. 



3KpaHBi 10 H 11 HsroxaBJiHBaioT h3 rpai^Hxa, ohh aneicrpHHecKH hsojih- 
poBaHM OT KaMepBi 1 .HarpeBaxejiB 5 HsroxaBJiHBaiOT cneflyiomHM o6pa- 
30m: HaMaxBiBaiOT yrjiepoflHyio TKaHL Tuna «ypajD> b flBa cjioh Ha on- 
paBKy H3 rpa^Hxa. Ilocjie axoro paspesaiox sepxraiH xopeij iiHJiHHflpa na 
5 JienecxKH, Koxopwe oxraGaiox b ropHSOHxanBHyio iuiockocxb, sa^KHMaiox 
Me^KAy KOJiBii;aMH 7 h 8 h3 yrnepoflHoro MaxepHajia (fljimia jienecxKOB 
paBHa mnpHHe KOJieu; 7 h 8), a hh^chhh xopeu; sa^KHMaiox Me^^y KOJiBii;a- 
MH 6 H 9, 3axeM ciiraBaiox BepxHKajiBHBm moB yraepoAHOH hhxbio. Ho- 
cne yflajieHEM onpaBKH naipeBaxejiB h xeiuiOHSOJinpyioiipie SKpaHBi- 

10 xoKonoflBOflBi ynnoxBOTEOx irapoyrjiepoflOM no H3BecxHOH Mexoflince 
B xeneHHe 10 nacoB, npn xeivinepaxype 1050 ^C, fl;aBJieHHH 28 MM.px.cx. b 
noxoKe rasa (Mexana) 10 cm/c [3KypHaii «]jBexHBie MexajinBi», JSTa 9, 
1980 r., cxp. 49-52]. 3axeM XKaHB HarpcBaxemi nponnxBroaiox SMyjiBcn- 
eS, coAep^KameH sxhjiobbih cnnpx h MejiKOAHcnepcHBm nopomoK KpeM- 

15 HIM, nocjie nero npoH3BOAHX ox^cht b BaKyyMe npH xeivinepaxype CHanajia 
1300°C (3 Haca), a 3axeM 1500°C b xeneHHe 5 nacoB. IIpH 3xom nopomoK 
KpeMHHfl H yriiepoAcoflepMcanpiii Maxepnaji narpeBaxejM, BsaHMOfleScx- 
Bya MeiKsy co6oh, npeBpan^aioxc^ b Kap6HA KpeMHH^. TojinpiHa cxchkh 
HarpeBaxejia cocxaBJiaex 1,5 mm (0,0015 m). 

20 YnnxBiBafl, hxo yflenBHM xeroioeMKOcxB Maxepnajia narpeBaxeiM 

cocxaBJMex 2077 ,H3K/Kr-K (npH paSoneH xeMnepaxype 1600 °C, x.e. 
1873 K), HcxoAHaa hjioxhocxb Maxepnajia HarpeBaxejM pHcx. = 400 kt/m^ , 
a HJIOXHOCXB nocjie ynnoxHeHmi p= 800 kt/m^ , npoHSBefleHHC 5 • p- c 
paBHO 2492 ,Dpk/m^, 3KpaHBi-xoKonofl;BOABi 10 h 11 hs rpa(|)Hxa noKpBi- 

25 Baiox cnoeM HHxpHfla KpeMHH^. rioAcxaBKy 3 h mxoK 4 HsroxaBJiHBaiox 
H3 rpa^Hxa h TaK«e KaK SKpaHBi 10, 11 noiqpBiBaiox cjioeM HmpHfla 

KpeMHHH. 

SaxcM BHyxpB HarpeBaxena, Broioxnyio k ero BHyxpeHHefi nosepxHO- 



CTH, nOMemaiOT TOHKOCXeHHLIH EOHJIHHflp 18 H3 HHTpima KpCMHIM (tOJI- 

DDCHHa CTemcH 1,0 mm) c 6ypTHKOM 19. 3tot ipuraH^p aamnmaex narpeBa- 
xejiB 5 H BepXHHe KOHraicTHBie Kontiia 7 h 8 or xnMnnecKoro BsaHMO- 
AeHCTBHH c aTMOC<|>epOH KaMepBi BBipamHBaHHfl, co;];ep»cameH napBi SiO. 

5 UfUWHffp H3 HHTpBWa iqpeMHEM HSrOTaBJIHBaiOT no HSBeCTHOS MCTOAHKe 

[P.A.AHflpHeBCKHH, H.H.CnHBaK «HtaTpHfl KpeMHEW H MaxepHajiBi Ha ero 
ocHOBe»5 M., MeTajuiypriiH», 1984 r, cxp. 38-89], a saxeM yMeHBrnaiox 
xoJimHHy ero cxeHKH Ha xoKapnoM cxaHKe. 

nocjie ycxanoBKH KBapii;eBoro xHrjM 2 b noflcxaBKe 3 h sanojrae- 

10 HHH ero sarpysKOH KpeMHH^i h jraraxypoii 6opa, KaMepy 1 repMexHSHpy- 
K)x, cosAaiox B Hen BaKyyM (ocxaxoHHoe flaBneHHe 1-10'^ MM.px.cx.) h 
BKjnonaiox 3JieKxpoiraxaHHe. 3jieKxpHHecKHH xok ox HCxoHHHKa imxaHHii 
14 JHfUQT Hepea xoKonoflBOfl 13 k AOHHOMy 3KpaHy 11, BBinojiHaiomeMy 
poHB xoKonoffliOAa, saxeM no KOJiBn;aM 6 h 9 na HarpeBaxejiB 5, KOjn»n;a 7 

15 H 8, 3KpaH-xoKonoABo;[i: 10, xoKonoflBO^( 12, nocjie nero oimxb k hcxoh- 
HHKy nHxaHHH 14. HaH6onBmHM conpoxHBJieHneM b 3xoh nocjieflOBa- 
xejiBHOH ufiim oSjia^aex HarpeBaxenB 5, h na neM BBiflejiaexcH ocHOBHaa 
HacxB xenna. HaipeBaxejiB 5 pasorpeBaexca flo pa6oHeH xeMnepaxypBi 
»1600 ^C. 3a CHex nepe^aHH xenjia HSJiyneHHeM ox narpeBaxeiw, paso- 

20 rpeBaexcH h pacnnaBJMexcH 3arpy3Ka iq)eMHHH 16 (xeMnepaxypa pacnna- 
Ba 1412 - 1500 ^C). SaxeM b KaMepy no^aiox apron, noflHep^cHBaa b Ka- 
Mepe flaBncHHe 10-20 MM.px.cx., npH OAHOBpeMeHHOH nocxoHHHoii ox- 
KaHKe BaKy/MHBiM HacocoM (na ^nrype ne noKasan). Ilocjie sxoro b 
pacnnaB onycKaiox saxpaBOHHBiH Kpncxajui h BBipanoiBaiox mohobph- 

25 cxajiJi 17, 

riocjie OKOHHaHHfl npoii;ecca BBipamjiBaHH)! MOHOKpncxanji oxjiaac- 
flaiox, BBiHHMaiox H3 KaMepM, BBipesaiox H3 Hero o6pa3E(Bi h onpeflejwiox 



coflepMcaHHe yrnepo^a b nonyneHHOM KpHcxajme, Koxopoe cocxaBJMer 
s^ecB 4x10 cm'^. 

HaipeBaTCJiB HMeex Majiyio HHepqHOHHOcxB. Bpeivw x, xapaKxepH- 
ayiomee HHepuHOHHOCXB naipeBaxejiH, onpeflejMiox, KaK yKasano BBime. 
5 BpeMa X cocxasjiaex 60 c, no cpasHeHmo c 450 c y npoxoxmia, Haipe- 
BaxenB coxpaiMex cbok) pa6oxocnoco6HocxB b xeneHHe 200 iphkjiob bbi- 

XHFHBaHIM. 

Pacxofl 3JieKxpo3HeprHH Ha 1 kt roxoBofi npoflyiODtHH yMeHBmaexca 
3flecB Ha 13 % H cocxaBJMex 135 KBX.Hac/icr, no cpaBHeHmo co 155 
1 0 KBx.nac/Kr y npoxoxnna. 
npHMep 3 

ripn BBq)anpiBaHHH MOHOKpncxajina KpeivnnM flnaMexpoM 150 mm 
H3 sarpysKH nojraKpHcxajijmHecKoro KpeMHHa Maccofi 30 kt Hcnojncbsyiox 
xnrenB 2 h noflcxaBKy 3, HsroxoBneHHBie KaK ofl;Ho a;ejioe hs HHXpHAa 

15 KpCMHHH C BHeniHHM AHaMexpOM 370 MM. YcXpOHCXBO COAep^HX 50K0- 

BOH 3KpaH-xoKonoABOA 10 (^Hrypa 3), k KoxopoMy CBepxy npHKpenjieHO 
rpa^HXOBoe KOjn>ii;o 8 h CHHsy noABefleH xoKonoflBOfl 13. Tokohoaboa 12 
coeflHHeH c HmECHeH napoH rpa^HXOBBix KOJieii; 6 h 9. ^ohhbih 3KpaH 1 1 
He coeflHHCH c 3JieKxpHHecK0H ii;enBK) h pacnojio^en na pjiQ KaMepBi 1 . 
20 IXHjraHflpHHecKHH HarpeBaxejiB 5 HsroxaBHHBaiox h3 xepMopacmHpeHHO- 
ro npoKaxaHHoro rpa<|>Hxa. TomnjiHa cxchkh HarpeBaxejM paBHa 2 mm 
(0,002 m). Topu;Bi u;HJiHHApa paspesaiox na jienecxKH, oxraGaiox hx h sa- 

MCHMaiOX Me^C^y KOHXaKXHBIMH KOJIBI^aMH 7,8 H 6,9 , COOXBeXCXBCHHO. Ha 

BHyxpenmoio h BHennnoio noBepxHocxH narpeBaxejM HanocOT xohkhh 
25 cjioii HHXpHAa KpeMHHH. 3KpaH 10 h uttok 4 H3roxoBneHBi h3 rpa^Hxa h 
noKpBixBi cjioeM HHxpHAa KpeMHHa. 3KpaHBi 10 H 11 HMeex xenjioByn) 

HSOJIHI^mO 15 H3 XKaHH, HSrOXOBJieHHOH H3 KpeMHeseMHOrO BOJIOKHa. 3k- 

paH 1 1 H3roxoBJieH h3 HHxpHfla KpeMHHH H npeacxaBJMcx C060H Hamy, 



• 



KOTopaa cjijoKHT KaK fljM xeimoBOH HsojDmHH, Tax H jaja npe^oxBpame- 
HH5I npjiMoro B3aHMOfleHCTBHfl pacnnaBa KpeMHiM c Bop^o^ pj^anncoH 
KaMepBi 1 B cjiynae aBapuHHoro npojmBa pacnnaBa 16 h3 thtjm- 
noflcxaBKH 2-3 npH paspymeHHH. 
5 yflejiBHaa xennoeMKOCTB MaxepHana HarpeBaxejM cocxaBJMex 

2077 JJ^iK/KT-K (npH pa6oHefi xcMnepaiype «1600 ""C, x.e. 1873 K), luiox- 
HOCXB MaxepHajia HarpeBaxejM pHcx. = 2000 kt/m^ , xo ecxB npoHSBe^e- 
HHe 5 • p- c paBHO 8308 ^»c/m^ • K. Elocjie sanojiHeHHH xhtjm 2 sarpys- 
KOH KpeuHHR (jiiiraxypoH 6opa b ^aHHOM npHMepe He fl;o6aBJDnox), KaMe- 

10 py 1 repMexH3Hpyiox, cosflaiox b Hefi BaK5^yM 10'^ MM.px.cx. h BKJiioHaiox 
3JieKxponHxaHHe. 3jieKxpHHecKHii xok ox HcxoHHmca nHxanna 14 Hfl;ex no 
xoKonoABOfly 12 na KOJiBn;a 6,9, HarpeBaxenB 5, nocjie Hero no KOJiBitaM 
7, 8 H 3KpaHy-xoKono;(BOfly 10 nepes xokoho^boa 13 Bosspamaexca k hc- 
xoHHHKy nHxaHH^ 14. HarpeBaxenB 5 pasorpeBaexc^c flo pa6oHeH xcMne- 

15 pax3^Bi «1600 ^C. 3a cnex nepe^aHH xenjia HSJiyneHHeM ox narpeBaxejM 
pasorpeBaexcH h pacnjiasjiHexc^ aarpysKa KpeMHiM 16. Ilocjie 3xoro b 
pacnjiaB onycKaiox saxpaBOHHBrS KpHcxaiui h BBipaniHBaiox mohokph- 
cxajiJi 17. 

riocjie OKOHHaHKK npon;ecca BBipanpraaHEM MOHOiqpHcxajiJi oxna»c- 
20 flaiox, BBmHMaiox hs KaMepBi, BBipesaiox H3 nero o6pa3ixBi h onpe^ejiHiox 
coAep^aHHe yrnepo^a h KHCJiopo^a b nojiyneHHOM KpHCxajine. Co^ep- 
^aHHe yrjiepofla cocxaBJiaex sflecB 5x10 cm'^ , a KHcnopoAa 
8x10 cm" . TaKoe co^ep^aHHe KHCJiopo^a nosBoiraex ncnojiBSOBaxB 3xh 
MOHOKpHcxajiJTBi flJM Hx flajiBHefciiero HefiipoHHoro JierHpoBaHHH. 
25 HarpeBaxenB HMeex Manyio HHepiiHOHHOCXB. BpeMn x cocxaBnnex 

50 c, no cpaBHenmo c 450 c y npoxoxHna. 
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Pacxofl 3JieKTpo3HepraH he 1 kt roxoBoii npoflyioDpHH yMeHBmaerca 
3flecB Ha 10 % H cocxaBJMer 140 KBT.Hac/icr, no cpaBHemno c 
155 KBT.Hac/KT y npoTOTiraa. 

HarpeBaxejiB coxpaHaex cbok) pa6oTocnoco6HocTB b TencHHe 

5 150 I5HKnOB BBFDiniBaHKH. 

npHMep 4 

BBITflTHBaHHe MOHOKpHCXaJina npOHSBOflHT B yCTpOHCTBe, upejsr 

cxaBJieHHOM Ha (^nrype 4. /JjonojiHHxejiBHaji CHCxeMa BepxHHx SKpanoB 
20, 21, 22 HsroxoBJiena hs HHXpHfla KpeMrora. 
10 BBipamnBEHHe KpHCxajuia iipoBo;(Hx xaK »ce, KaK 3xo onncaHO b 

npHMepe 3. 

nocjie OKOHHaHHfl npoiiecca BBipaiipiBaHHa MOHOKpHCxajui oxna^K- 
flaiox, BBraHMaiox H3 KaMepBi, BBipesaiox h3 Hero o6pa3ii:Bi h onpe^ejiaiox 
co^tepoKaHHe jnrjiepOAa h KHCJiopofla b nojiyneHHOM KpHcxaiuie. Co;a;ep- 
15 ^aHHe yrjiepofla cocxaBJwex sflecB 5x10 cm"^ , a KHCjiopofla 
8x10^^ CM-l 

HarpCBaxejiB HMeex Majiyio HHepu;HOHHocxB. BpcMS x cocxaBJMex 
50 c, no cpaBHCHino c 450 c y npoxoxHna. 

Pacxofl 3JieKxp03HeprHH na 1 kf toxoboh npOAyKu;HH yMeHBinaexcH 
20 sflecB na 20 % H cocxaBJiaex 125 KBX.Hac/icr, no cpaBHenmo c 
155 KBX,Hac/Kr y npoxoxHoa. 

HarpeBaxejiB coxpaEMex cbok) pa6oxocnoco6HOcxB b xeneHHe 

150 ^HKIIOB BBIXOTHBaHHH. 

npHMep 5 

25 BBixjirHBaHHe MOHOKpHcxajuia npoHSBOj^OT b ycxpoHCXBe, npe^- 

cxaBneHHOM na <|)Hrype 5, Koxopoe ^BJiaexcji BapHanxoM ycxpoHcxBa, no- 
KaaaHHoro na ^mype 4. B oxjmHHe ox Hero, sflecB xcecxKHe KOJiBiia 6 h 7 
H3 yrnepoflHoro Maxepnajia, KoxopBnvra saKpemieHBi xopi^Bi HarpeBaxejw, 
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npeAcxaBJMioT co6oh e^HHyio ;D(eTajiB c HarpeBaxejieM. HsroxaBjiKBaercfl 
3Ta flfirrajjh cne^tyiomHM o6pa30M: Ha crajiBHyio n;HnHHflpiiHecKyK) on- 
paBKy HaMaxBiBaiOT i^HJiHHflpHHecKoe xeno HarpeBaxejM. HaMOXKy npo- 
H3B0flflx Ha cxaHKe, oflHOBpeMCHHO 10-150 BsaHMHo nepennexaiomHMHM 
5 B HecKOJiBKHX HaiipaBneHHflx yrjiepo^HBiMH hhxot^h, npH OAHOBpeMen- 
HOH npoHHXKe Hx anoKCHAHOH CMonoH. Ha o6ohx xopixax xejia HarpeBa- 
xejM flejiaiox yxojnD;eHHH beicoxoh 10 mm h xom^HHOH 20 mm. Ilocjie 
HpOBefleHHH onepaipra oxBepAeBaHHH (oxtkhf npH 200^C b xencHHe 6 na- 
cob), 3XH yxonni;eHHa na xop^ax o6pa6ax&iBaK>x na xoKapnoM cxaHKe, 

1 0 saflaBa^ hm 5KejiaeMHe pasMepBi. IJiHjmHflpHHecKHH SKpaH-xoKonoflBOfl; 1 0 
HsroxaBJiHBaioT aHajiormnao, h3 yrjiepoflHoS hhxh, nyxeM HaMOXKH, npo- 
nHXKH CMecbK) anoKCHflHOH CMOJiBi c rpa^HXOBOH KponiKOH H nocjie- 
ayioniero HH3KoxeMnepaxypHoro (200°C) oxMcnra. TojnujHHa axoro 3Kpa- 
Ha-xoKonoflBOfla cocxaBJiaex 15 mm. Ha BHyxpeHmoio h BHennnoio no- 

15 BepXHOCTB u;HJiHHApa narpeBaxejM 5, nocjie yAajieniM onpaBKii, Hanooix 
xoHKHH cjiOH HHxpHfl;a KpeMHiM. BepxHHK xopeii C KOJimOM 7 COeAHHHIOX 

C 3KpaHOM-XOKOnO^(BOflOM 10, a HH3KHHfi XOpei^ C KOJIBI^OM 6 COepffH^JOT 

c xoKonoflBOflOM 12. 3axeM Bce ^^xajiH xenjioBoro ysjia noKpsiBaiox cno- 

CM HHXpH^a KpeMHHH, KaK 3XO OHHCaHO Bbimc. 

20 YflejiBHaa xennoeMKOCXB MaxepHajia narpeBaxejiH cocxaBimex 

2077 /i;»c/Kr-K (npH pa6oHeH xeMnepaxype 1600 °C, x.e. 1873 K), njiox- 
HocxB MaxepHajia HarpeBaxeim pucx. = 401,22 kt/m^ , xojmj;HHa cxeHKH Ha- 
ipeBaxejM paBHa 0,6 mm (0,0006 m) xo ecxB npoHSBefleHHe 5 • p- c paBHO 
500 JI?k/m^ • K. 

25 BBipamHBaHHe iqpHCxajuia npoBo^Kx xaK 3Ke, KaK 3xo onHcaHo b 

HpHMepeS. 

Hocjie oKOHHaHHa npoiiecca BBipamHBaHHH MOHOKpHCxajui oxjia»- 
Aarox, BBiHHMaiox us KaMepBi, BBipesarox hs Hero o6pa3i^Bi h onpeflenarox 
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coAep^KOHHe yraepofla h KHCJiopoAa b nojiyneHHOM KpHcxajiJie. Co^ep- 
3KaHHe yrnepofla cocxaBJMex SAecB 5x10 cm'^ , a KHCJiopofla 
8x10^^ cm\ 

HarpeBaxejiB HMeex Majiyio HHepiiHOHHOCXB. BpcMH t cocTaBJMex 
5 45c, no cpaBHeinno c 450c y npoxoxima. 

PacxoA 3JieKxpo3HeprHH na 1 kt foxoboh npoflyicixHH yMeHBinaexcfl 
SflecB Ha 20 % H cocxaBJMex 125 KBx,Hac/Kr, no cpaBHeHmo c 
155 KBx.Hac/KT y npoxoxima. 

HarpeBaxejiB coxpannex cbok) pa6oxocnoco6HocxB b xeneHHe 

10 150 I|;HKJI0B SBIXOTHBaHHH. 

JIvHmHH Bapnanx ocvmecxBJieHHg H3o6pexeHHg 
Bo3MO»CHOcxB ocyn^ecxBneHHH H3o6pexeHiM, oxapaKxepnsoBaHHO- 
ro npHBCfleHHOH b (j^opMyjie HsoSpexeniM coBOKynnocxBio npHsnaKOB, 

15 MO^ex 6bixb noflxsep^fleHa onncaHHeM cjieflyioni;ero npniviepa peanEHsa- 
^HH Jiynmero H3 npeAnonaracMLix sajiBHxejieM BapHanxoB ocyn5ecxBne- 
HIM saasjieHHoro H3o6pexeHiifl. 

VcxpoHcxBO HcnojiBsyiox npH BtipamHBaHHH MOHOKpHCxariJia 
KpeMHiM flHaMexpOM 150 mm h3 sarpysKH nojiHKpHcxajuiHHecKoro KpeM- 

20 HHH 30 KT. B KaMcpe 1 ycxanoBKH pasMen^aEox xnrejiB 2 c noflcxaBKofi 3, 
HsroxoBJieHHBie KaK oaho i?ejioe H3 HHxpnfla KpeMHiM, 
c BHeniHHM flHaMexpoM 370 mm ((|)Hiypa 5). Thtcjib - no^cxaBKa 2-3 
pasMemcHBi Ha mxoKe 4, xaK»ce HsroxoBJieHHOM h3 KHXpH^a KpeMHiM. 
Thfcjib- noflcxaBKa 2-3 OKpy»ceHBi HarpeBaxeneM b BH^e E(HnHHflpa 5, 

25 B KOXopoM McecxKHe KOJiBiia 6 h 7, KOXOpBiMH 3aKpeiineHBi xopitBi narpe- 
Baxejw, irpeflcxaBJMiox co6oh e^HHyio flexajiB c HarpeBaxeneM. HbroxaB- 
jEHBaexoi 3xa flexajiB cjieflyiomHM o6pa30M, Ha cxanBHyio iiHJiHHApHHe- 
CKyio onpaBKy b flsa cnoa naMaxHBaiox yrnepoflHyio xKaHB xnna «ypaji- 
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22», nponirraHHyio »ectkhm yrjiepoflHBiM CB)i3yK)mHM (nanpHMep, anoK- 

CHAHOH CMOJIOH, 6aKenHTOBBIM JiaKOM, KpaXMaJIBHBIM KJiencTepoM). Ha- 

MOTKy npoH3BOA5iT Ha cxaHKe npH HaTaacemm XKaHH h no;i;iipeccoBaHHH 
onpasKH. Ha oGohx Topii;ax xejia HarpesaTejM flejiaiox yxonmeniw npn 
5 noMomH AonojiHHxejiBHog naMOXKH 2-x nojioc XKann. Ilocne npoBefleHHH 
onepartim oxBepfleBamifl (oxmcht npn 200^C b xeneHHe 26 nacoB), 3xh 
yxojimeHHH Ha xopi5ax o6pa6axBiBaiox na xoKapHOM cxaHKe, sa^aBaa hm 
^ejiaeMbie pasMepw. Ha BnyxpeHmoio h BHemmoio noBepXHOCXB itHJiHH- 
ffpa HarpeBaxejM 5 nocne yAajienHH onpaBKH HanocOT xohkhh cjioh Kap- 

10 6Hfla KpeMHiui. 3xy onepaipno ocymecxBJWiox xaK. HanocOT cjioh 3Myjib- 
CHH H3 noponnca KpeMHHH h axHJiOBoro cimpxa na BHyxpeHmoio h BHem- 
moio noBepxHocxH HarpeBaxejM (nanpHMep, npH noMomH khcxh hilh 
KpacKonyjiBxa). 3axeM npocynraBaiox b bbixh^hom nnca^^y npH KOMHax- 
hoh xeMnepaxype. B flajiBHefimeM npOBO^ax ox^Ecnr b axMoc(^epe asoxa 

15 npH xeMnepaxype 1100 -1400 b xeneniie 5 nacoB npn ^aBJieHHH 0,5- 
1,2 axM, a saxeM npn xeMnepaxype 1600 h xom »e AaBneHHH. 

BepxHHH xopeq c kojibi50m 7 coeflHHfliox c 6okobbim 3KpaH0M- 
xoKonoABOflOM 10, a hh^khhS xopeu; c KonBitoM 6 - c xoKonoflpoAOM 12. 
UHJiHHflpHHecKHH 3KpaH-xoKonoflBOA 10 HsroxaBJiHBaiox anajioraHHO hs 

20 yrjiepoAHOH XKami, nyxeM naMOXKH h nponnxKH c ^oc^eflyK)^^eH onepa- 
^HeH oxBepACBaHHii. 3axeM Bce ^exajiH xeroiOBoro ysjia noKpBiBaiox cno- 
eM Kap6HAa KpeMHHH. 

y^ejiBHaH xenjioeMKOcxB Maxepnajia HarpeBaxejM cocxaBJiaex 
2077 JS^k/kT'K (npH pa6oHeH xeMnepaxype 1600 °C, x.e. 1873 K), rniox- 

25 HOCXB HcxoflHoro MaxepHajia HarpeBaxexw Pacx. = 400,00 kt/m^, a nocjie 
onepau;HH oxBepAeBaHHJi - 800,00 kt/m^ xojinpiHa cxemcH HarpeBaxejM 
paBHa 1,5 MM (0,00015 m), xo ecxB npoHSBeflCHHe 5 • p- c paBHo 
2492P?k/i^'K. 
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Ha flHe KaMepBi 1 pacnojiOMcen flOHHtm SKpan 1 1, KOxopMH He co- 
eflKHCH c sjieKxpHHecKOH iiein>K>. 3KpaH 1 1 HsroxoBJieH h3 KOMnosimH- 
OHHoro MaTepnajia 5^jiepofl- KapSHfl; KpeMHEW, h npeflCTasjiHer co6oh 
Hamy, Koxopaa cjiy^Hx KaK fljm xenjiOBOH hsojmi^hh, xaK h ajm ^pe;^ox- 
5 BpameHHa npHMoro BsaHMOfleiicxBHH pacimaBa KpeMHHH c Bo^aHOH py- 
6aiiiKOH KaMepBi 1 b cjiy^ae aBapHHHoro npojraBa pacimaBa 16 h3 xhtjdi- 
noflcxaBKH 2-3 npn paspymeHim 3xoh ^exajiH. SxpaHBi 10 h 11 hmciox 
xenjioByio HsojMipno 15 h3 XKami, HsroxoBneHHOH h3 iq^cMHeseMHoro 

BOJIOKHa. 

10 B BepxHefi nacxH ycxpoHCXBa ycxaHOBnena CHCxeMa sepXHHX 3k- 

paHOB, cocxo^maa hs munraflpHHecKoro SKpana 20 h njiocKoro ropHsoH- 
xajiBHoro 3KpaHa 21. 3xa SKpaHUpoBKa nosBOJiaex chhshxb xenJiOBBie no- 
xepH. KpoMe xoro, ycxaHOBJien ii;HjraHflpHHecKHH aiqpan 22, KOXopBifi flo- 
nojiHHxejiBHO SKpaHHpyex pacxymnii MOHOKpHCxajui ox HarpeBaxenH, wro 

15 nosBOJMex nojiy^HXB b hcm GojiBiimft rpajifieiiT xeMnepaxypBi h ynenH- 

HHXB CKOpOCXB BBipamHBaHIM. CHCXCMa AOHOJIHHXeJIBHBIX BepXHHX 3Kpa- 

HOB HsroxoBnena h3 HHxpH^^a KpeMHHfl. 

nocjie sanojffleHHs XHTJiH-noflCxaBKH 2-3 sarpysKofi KpeMHEM Ka- 
Mepy 1 repMexHSHpyiox, cos^tarox b hch BaKyyM 10"^ MM.pxxx., h bkjho- 

20 Haiox 3JieKxponHxaHHe. 3jieKxpHHecKHH xok ox HcxoHHmca imxaHiM 14 
jiflfiT no xoKonoflBOfly 12 na kohbi^o 6, HarpeBaxejiB 5, nocjie Hero no 
Ko^B^y 7 H 3KpaHy-xoKonoflB0fly 10 nepea xoKono^Bo/t 13 B03Bpain;aexcK 
K HcxoHHHKy HHxaHiM 14, HaipeBaxcnB 5 paaorpeBaexcH AO pa6oHeH 
xeMnepaxypBi »1600 "^C. 3a cnex nepeflann xenna H3JiyHeHHeM ox naipe- 

25 BaxejM pa3orpeBaexcji h paciuiaBimexcH sarpysKa KpeMHH^ 16. Ilocjie 
3xoro B pacnjiaB onycKaiox 3axpaBOHHBm KpncxajiJi h BBipamnBaiox 

MOHOKpHCXaJUI 17. 
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nocjie OKOHHaHHs npoi^ecca BBipaiimBaHHH MOHOKpHcxajui oxjiaac- 

flaiOT, BBIHHMaiOT H3 KaMCpU, BBIpCSaiOT H3 HeiX) o6pa3I](BI H OnpefleJMIOT 

coflepacaHHe yrjiepo^a h KHCJiopofla b nojiyneHHOM KpHcxamie. Co^ep- 
»aHHe yrjiepofla cocTasjiaex sflecB 5x10 cm"^ , a KHCJiopofla 
5 8x1 0'^ cm"^. TaKoe co^epacaHHe KHCJiopofla nosBOJinex iicnojibsoBaTB 3th 
MOHOKpHcrajiJiBi pflu HX flanLHefimero HefixpoHHoro JienipoBaHHfl. 

HaipeBaxejiL hmccx Manyio HHepi^HOHHOcxt. BpeMa x cocxaBJiaex 
45 c, no cpaBHeHHK) c 450 c y npoxoxnna. 

PacxoA 3JieKTp03HeprHH na 1 kt roxoBoS npoj^yiojpHH yMCHBinaexcfl 
10 sflecB Ha 20 % H cocxaBJiaex 125 KBx.Hac/icr, no cpaBHeHmo c 
155 KBT.Hae/Kr y npoTOXHiia. 

HarpeBaxejib coxpaiMex cbok) pa6oTocnoco6HOCTB b TeneHHe 

150 ipiKIIOB BBITarHBaHIM. 



(vi) ITpoMbiniJieHHafl npHMeHHMOcxB 
H3 npHBefleHHbix BBime npHMepoB peajiH3ai;HH HSoSpexeniDi one- 
BimHO KaKHM o6pa30M ycmpoucmeo dim ehimKaueaniiH MonoKpucmannoe 
Mo»cex Sbixb HsroxoBneHo h HcnojiBsoBano. 
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OOPMVJIA HSOBPETEHHH 

1. YcTpoHCTBO jjjisi BBiraniBaHHH MOHOKpHCxajiJiOB, coflep^amee 
THrejiB c noACTaBKOH, HarpeBaxejiB h, no MeHBrneii Mepe, o^hh xenno- 
HsojmpyiomHH 3KpaH, oxjiHHaiomeecH xcm, hxo narpeBaxejiB BBraojineH 
H3 HCXOflHoro raSKoro yrjiepoflcofl;ep3Kamero Maxepnajia b BH^e umimipr 
pa, xopE[Bi Koxoporo saKpenjieHBi Me^yiy KoaKcnajiBHo pacnono»ceHHBiMH 
3KecxKHMH KOJiBitaMH H3 yrjiepoflHOFO MaxepHajia, noflcoeflHHeHHBiMH k 
HcxoHHHKy xoKa, npHHeM HarpeBaxejiB BBinojmeH c xojiidjihoh cxeincH, 
onpeflejMeMOH h3 cooxHoniemM: 

5-p-c = 500-85G0 JI?k/m^ .K, rae: 

5 - xojiimma cxemcH HarpeBaxejM, m; 

p - luioxHOCXB Maxepnajia, h3 KOxoporo HsroxoBJien HarpeBaxenB, 

kt/m^; 

c - y^ejiBHa^ xenjioeMKOcxB Maxepnajia, h3 Koxoporo HsroxoBJien 
HarpeBaxejiB (npn paGoHeS xeMnepaxype), JJpiK/nr.K, 

2. YcxpoHCXBO no n.l, oxnHHaioni;eecji xeM, hxo KonBii;a hs yrne- 
poAHoro Maxepnajia no/(coeflHHeHBi k HcxoHHincy xoKa nepes xenjionso- 
JiHpyioniHe 3KpaHBi. 

3. YcxpoHCXBO no n.l hjih n.2, oxjranaiomeecji xeM, hxo na no- 
BepxHOcxH HarpeBaxejiH c BHyxpeHHeii h/hjih c BHeniHefi cxopOHM pacno- 

JIO)KeH CJIOH HHXpHfla KpeMHHH, 

4. YcxpoHCXBO no moGoMy hs n.n.1-3, oxjinnaiomieec^ xcm, hxo xh- 
rejiB Hjm noflcxaBKa BBraojineHM hs HHxpHAa KpeMHHH. 

5. YcxpoHCXBO no jno6oMy hs n.n.1-3, oxjiH^aiomeeca xeM, hxo xh- 
renB h no^^cxaBKa BBinoJiHeHBi hs HHxpnfla KpeMHHH h npe;^cxaBJlJ^ox co- 
6oH oaho E[ejioe. . 
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6. YcTpoHCTBO no jiK)6oMy h3 n.n.1-5, OTJiHHaioii](eecH tcm, tto yr- 
jiepoflcoflepacamHH Maxepnaji HarpeBaxejia AonojmHTejiBHO yiuioTHeH 
impoyrjiepo;i;oM h/hjih KapSiiflOM KpeMiraa. 

7. ycxpoHCTBO no jnoGoMy H3 n.n.1-6, oTjnraaiomeecfl tcm, hto 
flonojfflHTejibHo coAepacHT xennoHsojiaxop h3 TKaHH h/hjih BOKUioKa, hs- 
roTOBneHHHx h3 iq)eMHe3eMHoro hjih KBapE(eBoro BOJioKHa. 
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